Palsy Register of Norway (CPRN) and the Norwegian Patient Register (NPR), and to estimate CP prevalence.
INTERPRETATION To gain accurate estimates of prevalence rates of CP, it is essential to combine data sources and to validate register data.
The birth prevalence of cerebral palsy (CP) is considered to be a potential indicator of the quality of perinatal care, 1,2 while population-based prevalence rates provide important information for health care providers and society. In recently published Norwegian studies, the prevalence of CP has varied significantly. [3] [4] [5] A study using information from the Norwegian Social Insurance Scheme reported a birth prevalence of 1.8 per 1000 among individuals born from 1967 to 2002. 3 Sur en et al. found a population-based prevalence of 3.0 per 1000 Norwegian residents born from 1999 to 2010, using information extracted from the Norwegian Patient Register (NPR). 4 The NPR is a compulsory national administrative health register, established in 1997. The NPR includes personidentifiable data from 2008 onwards. It contains structured data on all patients treated by the national specialist health services, including individual-level demographic, administrative, and clinical data. 6 In a third study, using information collected by the Cerebral Palsy Register of Norway (CPRN), Andersen et al. found the birth prevalence of CP to be 2.1 per 1000 for children born from 1996 to 1998. 5 The CPRN is a consent-based national medical quality register established in 2006. This register contains clinical data on individual children born from 1996 onwards.
Dedicated specialists from each of the 21 habilitation centres record data at three points in time: at diagnosis, and at ages 5 and 15 to 17 years. A paediatrician/paediatric neurologist is responsible for determining the CP diagnosis using the 'Decision tree for cerebral palsy' and 'Classification tree of CP subtypes' guidelines developed by the Surveillance of Cerebral Palsy in Europe (SCPE). 7 The age recommended for confirmation of the diagnosis is 5 years old. 7 All children with CP in Norway have the right to be diagnosed and treated at one of the habilitation centres. 8 Finally, the CPRN receives summative, anonymized information on the total number of patients with CP per birth year from each habilitation centre. This information is used to estimate the prevalence of CP in Norway.
Variation in the completeness and correctness of data sources used to identify children with CP is most probably a major cause of variability in prevalence. For instance, using information from the Norwegian Social Insurance Scheme will probably underestimate the prevalence, because not all children with CP receive social benefits. Indeed, in a previous study, we found that about 60% of children in the CPRN born from 1996 to 2003 were recorded with CP in the Norwegian Social Insurance Scheme. 9 Furthermore, it is reasonable to assume that the prevalence reported by the CPRN, which relies upon summative reports provided by local paediatric habilitation centres, may be underestimated. Possibly, some CP subtypes could be more consistently reported to the CPRN since registration requires an informed consent, increasing the risk for selection bias. 10 Finally, the prevalence of CP based upon information in the NPR may be overestimated because, in regular hospital care, specialists other than paediatricians/paediatric neurologists might record a CP diagnosis code in the hospital record without being aware of the strict definition of the disorder, or a diagnosis code may be set on suspicion.
A difference in the population-based prevalence of 1 per 1000 (i.e. 2 per 1000 vs 3 per 1000) represents significant differences in absolute numbers of people in need of special care. In Norway, with a population of 5 million, the estimated number varies from 10 000 to 15 000 individuals on the basis of these prevalences. Moreover, imprecise estimates of prevalence may lead to inaccurate conclusions about the assessment of perinatal care, international comparisons, and the study of time trends.
Thus, the aim of this study was to assess the completeness and correctness of the CPRN and the NPR, and to use the combined information to obtain an accurate estimate of the prevalence of CP.
METHOD Study population and design
This register-based study included 747 883 Norwegian residents born from 1996 to 2007 and 699 927 live births in Norway during the same years. In all, 2231 children had a main or secondary G80.0 to G80.9 (G80) diagnosis code from the International Statistical Classification of Diseases and Related Health Problems 10th revision (ICD-10) of 'Cerebral palsy' in the NPR, while 1441 children were recorded with an ICD-10 G80 and SCPE CP subtype 7 in the CPRN. The registers were linked using the 11-digit personal identification number unique to each Norwegian resident. The diagnosis of CP was considered correct for the 1398 children in both registers, and for the 43 children only in the CPRN. This decision was based upon the detailed information recorded in the CPRN. A total of 824 children with a CP diagnosis code in the NPR, but not in the CPRN, were eligible for hospital record review.
Assessment of the correctness of the NPR
To validate the CP diagnosis codes of the 824 children only in the NPR, hospital records were reviewed by two experienced paediatric neurologists according to a predetermined standardized registration form. Nineteen children from rural hospitals were excluded for practical reasons, and 25 children were not found in the hospital records. Thus, 780 (95%) hospital records were reviewed. If the diagnosis of CP was assessed as correct, the reviewer recorded the appropriate ICD-10 G80 code, and the date when a paediatrician had confirmed the diagnosis. If the diagnosis code was assessed as incorrect, the reviewer noted the most likely correct ICD-10 code, whether the child had suffered a postneonatal (≥28d after birth) brain trauma, and, if so, at what age.
Statistical analysis
In line with Hogan and Wagner's description of the validity of health registers, 11 we defined register completeness as the proportion of children with a true CP diagnosis code in the register, according to the combined and validated data set (i.e. equivalent to sensitivity in studies of diagnostic tests). Register correctness was defined as the proportion of children with a CP diagnosis code in the register that were true cases of CP, according to the same data set (i.e. equivalent to positive predictive value in studies of diagnostic tests). The two terms are illustrated in Table I . The use of both completeness and correctness is necessary to provide an accurate measure of data validity in a register. 11 The reliability of ICD-10 G80 codes only in the NPR was evaluated by comparing them with the classification of subtypes determined by the reviewers using Cohen's unweighted kappa, where a kappa value of 1.0 indicates complete agreement. Kappa values were interpreted as less than 0.40 indicating poor, 0.40 to 0.75 intermediate to good, and greater than 0.75 excellent agreement. 12 To assess selection bias in the CPRN, v 2 statistics were used to compare the different CP subtypes among children with CP only in the NPR with the proportion of children Using the combined and validated data set, completeness was used to calculate the proportion of children with cerebral palsy (CP) that should have been registered were present in the register, and correctness was used to assess the proportion of children present in the register that were regarded as true cases of cerebral palsy.
a The combined and validated data set includes all children registered in the CPRN, and children registered with a CP diagnosis code only in the NPR.
What this paper adds
• Administrative health registers are likely to overestimate the prevalence of cerebral palsy (CP).
• Medical quality consent-based registers are likely to underestimate the prevalence of CP.
• Multiple sources and case review are needed for more accurate prevalence estimates.
• Prevalence of CP in Norway is 2.4 per 1000 live births and 2.5 per 1000 residents born from 1996 to 2007.
registered in the CPRN. A p-value below 0.050 was considered statistically significant. The population-based prevalence of CP was calculated by dividing the number of children having a confirmed diagnosis by the number of children residing in Norway. 13 Birth prevalence was calculated by subtracting the number of children either born abroad or with a postneonatal cause from the number of children with a confirmed diagnosis, divided by the number of live births.
14 Ninety-five percent confidence intervals (95% CI) were calculated according to Altman et al. 15 Statistics Norway 13 provided population data, and the Medical Birth Registry of Norway 14 provided live birth data. Statistical analyses were performed using VasserStats (www.vassarstats.net; Poughkeepsie, NY).
Ethics
The validation of the CP diagnosis codes in the NPR was conducted under Norwegian Patient Register Regulation §2-4, and did not require patient consent. The NPR linked the two registers, and the CPRN only had access to anonymized, aggregated results. The CPRN is approved by The Norwegian Directorate of Health and The Norwegian Data Protection Authority (08/01067-9/EOL). This study was covered by the CPRN consent form, and did not require specific ethical approval.
RESULTS

Correctness of the NPR
Review of the 780 hospital records of children only in the NPR revealed that 464 (60%) had a correct CP diagnosis code, whereas 302 (39%) did not have CP and 14 (2%) could not be classified. 16 In 412 (89%) of the 464 children with a correct CP diagnosis, the code had been determined by a paediatrician/paediatric neurologist. Adding the 464 children with a confirmed diagnosis to the number of children in both registers (n=1398) and to the number of children only in the CPRN (n=43) resulted in 1905 children with CP. Of the 2231 children with a diagnosis of CP in the NPR, 302 did not have CP, suggesting a correctness of 86%. Regarding CP subtypes, there was acceptable agreement between the ICD-10 codes only in the NPR, and the subtypes classified by the reviewers (j=0.75) (Table SI, online supporting information).
For the 302 children with an incorrect CP diagnosis code in the NPR, the most common ICD-10 diagnoses were epilepsy (G40), specific developmental disorder of motor function (F82), unspecified mental retardation (F79), and other disorders of brain (G93) (Table SII, online supporting information). Furthermore, the reviewers noted that 43 (14%) children with incorrect CP diagnosis codes were recorded with a postneonatal cause, acquired at a mean age of 5 years 2 months.
Correctness of the CPRN
The detailed information provided by paediatricians working in habilitation centres indicates that a diagnosis of CP in the CPRN is correct. However, from time to time, the CP subtype may be revised, even in children who are more than 5 years old. Also, in a very few cases, if a diagnosis of CP is later considered to be incorrect, the information for this child is removed from the register. Thus, at any given point in time, the register may contain a few cases of incorrectly diagnosed CP. However, for all practical purposes, the correctness of the CPRN is considered to be 100%. Regarding potential selection bias, Table II shows that the distribution of CP subtypes did not differ between the 464 children assessed by the reviewers to have CP only in the NPR and those recorded in the CPRN.
Completeness of the two registers
Only 43 of the 1905 children with CP were not in the NPR with this diagnosis, indicating a completeness of 98% for the NPR. Among these 43 children, over 60% were born from 1996 to 2001, had unilateral CP, and were registered in the CPRN before 2008, which was the first year NPR held individual-level data. One of the 43 children was deceased before 2008.
In the CPRN, 1441 children were registered with detailed information, suggesting a completeness of 76%. Yet, there was a steady increase in completeness from 61% in 1996 to 1998, to 91% in 2006 to 2007.
Implications for estimating prevalence
A total of 1905 children had a confirmed diagnosis of CP as of 1 January 2013, corresponding to a population-based prevalence of 2.5 (95% CI 2.4-2.7) per 1000 among Norwegian residents born from 1996 to 2007. Relying upon the information provided only by the NPR, the prevalence rate would have been 3.0 (95% CI 2.9-3.1) per 1000 residents, whereas relying only upon the summative information in the CPRN (n=1679), the corresponding prevalence would have been 2.2 (95% CI 2.1-2.4).
Owing to the administrative nature of the NPR, data from this registry could not be used to calculate the birth prevalence of CP. Nor were the summative reports collected by the CPRN useful for this purpose. Using only detailed information on children registered in the CPRN (n=118 born abroad; n=78 postneonatal cause) and the number of children with a confirmed diagnosis of CP in this study, the corresponding birth prevalence was 2.4 (95% CI 2.3-2.6) per 1000 among the 699 927 live births in Norway from 1996 to 2007.
DISCUSSION
In this study, we found that almost all children with CP were registered with a G80 diagnosis in the NPR, suggesting nearly 100% completeness. Yet, 10% to 15% of the children in this register with this diagnosis code were incorrect. While completeness of the CPRN was under 80% for the entire study period, it reached 90% for children born in the last two years of the birth cohort. In addition, the CPRN was considered 100% correct, and the results did not suggest selection bias of specific CP subtypes. Finally, the results show the importance of combining data sources to obtain more accurate prevalence estimates.
Strengths and limitations
A strength of this study was that it was population-based, covering children with a diagnosis of CP in two national health registers. Moreover, a paediatrician/paediatric neurologist confirmed the CP diagnoses. This allowed us to gain an understanding of the mechanisms behind correctly and incorrectly classified CP diagnoses. Combining information from the two registers made it more likely that all Norwegian children with CP were included, although it cannot be completely excluded that some children with mild CP may not have been recorded in either register. The lower completeness of the CPRN has been explained by work overload among paediatricians. 17 Indeed, 98% of parents invited provided informed consent. 5 It is thus reassuring that the completeness of the CPRN increased significantly during later years, and that the comparison of CP subtypes does not indicate selection bias. Regarding the NPR, our results suggest that some of the older children (i.e. born from 1996 to 2001) with mild CP were not registered with a diagnosis of CP. This was probably because the register did not include person-identifiable data before 2008. It seems likely that the completeness of CP diagnosis codes in the NPR will approach 100% in the future. For the correctness of the diagnosis in the CPRN, there is also a theoretical, albeit small, possibility that the diagnoses in some cases were revised, even when the children were more than 5 years old.
Comparison with other studies
The prevalence rates and the distribution of CP subtypes reported in this study are similar to those reported by other CP registers. Although this is the first Scandinavian study to cover an entire country, similar studies based on CP registers in Denmark and Sweden have been performed for smaller geographical areas. These studies also identified children with CP by using information from national patient registers, followed by medical record review. 18, 19 The Cerebral Palsy Registry in eastern Denmark reported a birth prevalence of 2.1 per 1000 for children born from 1995 to 1998. 20 Using multiple sources, a study from southern Sweden reported a population-based prevalence of 2.7 per 1000 residents and a birth prevalence of 2.4 per 1000 live births for children born from 1990 to 1997. 19 Furthermore, both registers reported a similar distribution of CP subtypes as in our study. The National Surveillance of Cerebral Palsy in Portugal reported a birth prevalence of 1. 22 However, they reported that 81% had spastic CP, which is similar to CP subtype rates in Scandinavia and Portugal.
Interpretation of results
The high completeness of the NPR is reasonable, since it is recommended in Norway that children with CP should be seen regularly by specialized health care services. Because specialists other than paediatricians are allowed to record the diagnosis, it is not surprising that some children are incorrectly registered with CP in the NPR. In addition, diagnoses registered in the NPR will not be changed if they are disproved later. Taking these factors into consideration, the proportion of children with an incorrect CP diagnosis code in the NPR seems acceptable.
In the CPRN, the diagnosis can be considered to be correct in close to 100% of the cases, because it is based on strict criteria and is confirmed by a paediatrician/ paediatric neurologist when the children are 5 years old. Nonetheless, it is possible that at any point in time there are a few children with an erroneous CP diagnosis in the CPRN. Our experience suggests that this misclassification is unlikely to be present in more than two cases per birth year, and these cases are removed from the CPRN. Thus, for all practical purposes, we consider the diagnosis of CP to be correct in this register. In contrast, the completeness in this register was low for the total birth cohort. We have earlier argued that we consider selection bias of specific CP subtypes in the register to be less likely. This is supported by the findings in the present study. The improvement in completeness during the later years may have two causes. First, it may take time before data submission to a register is included on a routine basis in the clinic. Second, the process of registration has improved in recent years owing to close cooperation with the Norwegian CP Follow-Up Programme introduced nationally in 2006. This includes a common consent form, allowing the exchange of information. We therefore expect that the completeness of the CPRN will stabilize at or above the high level observed for the later period in the present study.
The differences in completeness and correctness of the two registers affect estimates of prevalence. Multiple sources and critical review of single cases are needed to obtain estimates that are more accurate.
CONCLUSION
In this study, the completeness of children with a CP diagnosis code was excellent and correctness was good in the NPR, whereas in the CPRN completeness was good and correctness excellent.
By combining the information in the two registers and scrutinizing individual cases, we were able to estimate a population-based prevalence of CP of 2.5 per 1000 Norwegian residents born from 1996 to 2007.
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SUPPORTING INFORMATION
The following additional material may be found online: Table SI : Cross tabulation of the classification of International Statistical Classification of Diseases and Related Health Problems 10th revision (ICD-10) G80 codes of children registered only in the Norwegian Patient Register (NPR) and classified by two paediatric neurologists during a hospital record review. 
